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SECTION A  
 
1. Which one of the following statements is correct? 
 
A. When heat is transferred from the surroundings to the system, q has a 
negative value. 
B. When work is done on the system by the surroundings, w has a positive 
value. 
C. During an endothermic process, such as the melting of ice, heat flows out of 
the system into its surroundings. 
D.  The temperature change experienced by an object when it absorbs a certain 
amount of energy is determined by its standard molar entropy.  
E.  When heat is lost by the system to the surroundings, q has a positive value. 
 
2. When 28.5 kJ of heat is added to 1.55 g sample of liquid ethanol (C2H5OH) 
at 15.2oC, the temperature of the sample increases to 31.5oC The specific 
heat capacity of liquid ethanol is: 
  
A. 28.5 J.g–1.K–1 
B. 0.584 J.g–1.K–1 
C. 1.13 J.g–1.K–1 
D. 1.21 J.g–1.K–1 
E. 0.694 J.g–1.K–1 
 
3. Consider the following reaction: 
 
CH3OH(g) → CO(g) + 2H2(g)  ∆H = +90.7 kJ 
  
 What is the enthalpy change (∆H) when 822 mg of hydrogen (H2) gas reacts 
completely with excess carbon monoxide (CO) gas to form methanol 
(CH3OH) gas at constant pressure? 
 
A. –90.7 kJ 
B. –16.2 kJ 
C. +37.0 kJ 
D. –18.5 kJ  
E. +110 kJ  
 
4. Consider the following reaction: 
  
 2A(aq)  +  3X(aq)     A2X3(aq)           
 
At a particular temperature, the molar concentration of substance X varies 
with time in the following manner: 
 
Time (min): [X] mol.dm–3 
0.00 0.400 
3.00 0.200 
 
What is the reaction rate (in mol.dm–3.s–1) for the consumption of 
substance A? 
 
A. 1.11 x 10–3 
B. 7.41 x 10–4 
C. 1.67 x 10–3 
D. 3.33 x 10–3 
E. 2.22 x 10–3 
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5. A reaction 2NO(g) + Br2(g)  →  2NOBr(g) obeys the following rate law:  
 
 Rate = k[NO]2 [Br2]. What are the units for the rate constant? 
 
A. M–1.s–1 
B. M.s–1 
C. M–2.s–1 
D. M.s 
E. M2.s–1 
 
6. Which one of the following statements is correct? 
 
A. A catalyst that is present in the same phase as the reacting molecules is a 
heterogeneous catalyst. 
B. Elementary steps involving the simultaneous collision of two molecules are 
bimolecular. 
C. Absorption refers to the binding of molecules to a surface. 
D.  Because the fast step limits the overall reaction rate, it is called the rate-
determining step. 
E.  A balanced chemical equation details the individual steps that occur in the 
course of a reaction. 
 
7. Consider the following reaction at equilibrium at 135oC: 
  
 B2(g) + 3D2(g) ⇌ 2BD3(g)  
 
If 5.00 mol of BD3(g) were placed into a 25.0 dm3 container and the 
concentration of D2(g) at equilibrium was 0.0150 mol.dm─3, if the gas 
constant R is 8.20578 x 10─2 L.atm.K─1.mol─1, then the value of the 
equilibrium constant (Kp) is: 
 
A. 2.14 x 106 
B. 1.74 x 104 
C. 2.40 x 109 
D. 1.91 x 103 
E. 8.20 x 10─2 
 
8. Carbon dioxide (CO2) is formed according to the following equation: 
   
 2CO(g)   +   O2(g)  ⇌ 2CO2(g)  
 
0.690 mol of CO2 were placed into a 600 cm3 flask with 0.330 mol of O2 and 
the reaction was allowed to equilibrate. At equilibrium it was found that   
0.360 mol of CO2 were present. How many moles of CO and O2 were in the 
flask at equilibrium? 
 
A. 0.550 moles CO and 0.825 moles O2 
B. 0.550 moles CO and 1.10 moles O2 
C. 0.330 moles CO and 0.495 moles O2 
D. 0.330 moles CO and 0.600 moles O2 
E. 0.550 moles CO and 0.330 moles O2 
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9. Which one of the following equilibria would not be affected by pressure 
changes at constant temperature? 
 
A FeO(s) + CO(g) ⇌ Fe(s) + CO2(g) 
B CaCO3(s) ⇌ CaO(s) + CO2(g) 
C 2H2O(g) ⇌ 2H2(g) + O2(g) 
D 2NO(g) + O2(g) ⇌ 2NO2(g) 
E N2(g) + 3H2(g) ⇌ 2NH3(g) 
 
10. Which of the following solutions has the lowest pH value? 
 
A 0.0100 mol.dm─3 HF  
B 0.0100 mol,dm─3 NaOH  
C 0.0100 mol.dm─3 CH3COOH  
D 0.0100 mol.dm─3 NH3 
E 0.0100 mol.dm─3 HCl  
 
11. The molar solubility of PbBr2 is 0.010 M. Ksp for this compound is 
 
A 1.0 x 10–6 
B 4.0 x 10–6 
C 3.0 x 10–6 
D 2.0 x 10–6 
E 1.0 x 10–2 
 
12. Consider the reaction below:  
 
Ni2+(aq)   +  6NH3(aq)  ⇌  Ni(NH3)62+(aq) 
 
A volume of 250 cm3 of a 0.0200 mol.dm─3 solution of nickel(II) nitrate 
solution was mixed with 250 cm3 of a 0.100 mol.dm─3 solution of ammonia in 
a single container. The resulting mixture was then allowed to reach 
equilibrium. If thereafter a volume of 25.00 cm3 of a 0.0025 mol.dm─3 solution 
of hydrochloric acid were added to the equilibrium mixture then: 
 
A. the concentration of Ni(NH3)62+(aq) decreased 
B. the concentration of Ni2+(aq) remained unchanged 
C. ammonium chloride precipitated from the solution 
D. the concentration of Ni(NH3)62+(aq) increased 
E. the concentration of Ni2+(aq) decreased 
 
13. Which one of the following statements is incorrect? 
 
A. In any voltaic cell the electrons flow from the anode through the external 
circuit to the cathode. 
B. The more positive the value of Eo red the greater the driving force for 
reduction. 
C.  A positive value of the cell potential indicates a nonspontaneous process. 
D.  The half-reaction with the smallest (least positive) reduction potential is most 
easily reversed as an oxidation. 
E. In any voltaic cell the anions always migrate toward the anode and cations 
toward the cathode. 
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14. Which transformation cannot take place at the cathode of an electrochemical 
cell? 
 
A. MnO4─  MnO42─ 
B. Cr2O72─  Cr3+ 
C. PbSO4 Pb 
D. ClO─ Cl─ 
E. [Fe(CN)6]4─ [Fe(CN)6]3─ 
 
15. In the voltaic cell  ZnZn2+Cu2+Cu  the electron flow will be from: 
 
A. Cu to Zn2+ 
B. Cu2+ to Zn 
C. Zn to Cu 
D. Zn to Cu2+ 
E. Cu to Zn 
    [15 x 3 = 45] 
 
 
SECTION B 
QUESTION 1 
 
1.1 Define or state the following: 
 
1.1.1 First Law of Thermodynamics. (2) 
1.1.2 State function. (2) 
 
1.2 The combustion of methylhydrazine (CH6N2) produces nitrogen, carbon 
dioxide and water: 
    
 CH6N2(l) + O2(g)  → N2(g) + CO2(g) + H2O(l) 
  
 When 4.00 g sample of methylhydrazine is combusted in a bomb 
calorimeter, the temperature of the calorimeter increases from 25.0oC to 
39.5oC. In a separate experiment the heat capacity of the calorimeter was 
measured to be 7.80 kJ.oC–1. Calculate the heat of reaction for the 
combustion of a mole of methylhydrazine in this calorimeter (5) 
 
1.3 If 325.0 g Fe at 18.50oC is placed in 565.0 g H2O at 89.80oC, what is the final 
temperature (in 0C) of the mixture? The specific heat capacities of iron and 
water are 0.4500 J.g–1.K–1 and 4.184 J.g–1.K–1 respectively. (5) 
 
1.4 Given the following thermochemical equations: 
 
2H2(g) + O2(g)  → 2H2O(l)     ∆H = –571.5 kJ 
 
N2O5(g) + H2O(l)  → 2HNO3(l)    ∆H = –76.60 kJ 
 
N2(g) + 3O2(g) + H2(g)  → 2HNO3(l)    ∆H = –348.0 kJ 
 
  Calculate ∆H for the reaction (show all steps)   
  
 2N2(g) + 5O2(g) → 2N2O5(g) (6) 
 
   [20] 
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QUESTION 2 
 
2.1 Consider the following reaction of the peroxydisulphate ion (S2O82–) with 
iodide ion (I–) in aqueous solution: 
 
S2O82–(aq) + 3I– (aq) → 2SO42–(aq) + I3–(aq) 
 
At a particular temperature, the rate of this reaction varies with reactant 
concentrations in the following manner: 
 
Experiment 
 
Initial concentration (M) Initial rate ( M .s–1) 
S2O82– I– 
1 0.038 0.060 1.4 x10–5 
2 0.076 0.060 2.8 x10–5 
3 0.076 0.030 1.4 x10–5 
 
2.1.1 Determine the rate law for the reaction. Show all your calculations. (5) 
2.1.2 Determine the rate constant for the reaction. (2) 
2.1.3 If, in a volume of 2.00 dm3, 0.15 moles of S2O82– and 0.060 moles of I– were 
brought together, what will be rate when 80% of I– has reacted? (7) 
 
2.2 A certain first-order reaction has a rate constant of 2.75 x 10–2 s–1 at 20.0oC. 
The activation energy for the reaction is 75.5 kJ. mol–1. Determine the rate 
constant at 60.0oC. (6) 
 
    [20] 
 
QUESTION 3 
 
 Consider the following equilibrium for which H = +92.4 kJ/mol: 
 
2NH3(g) ⇌ N2(g) + 3H2(g) 
   
When 3.00 mol of NH3(g) were placed into an evacuated 15.0 dm3 
container at 963 K and the reaction reached equilibrium the pressure in the 
container was 2.40 x 106 Pa. The volume of the container was then 
changed and the reaction was allowed to reach equilibrium for the second 
time. At the second equilibrium the moles of H2 was found to be 45.9% less 
than it was at the first equilibrium. 
 
3.1 Calculate the new volume of the container. (18) 
3.2  Use the data provided in this question to predict what would happen to the 
value of Kc  if the volume of the container were fixed and the temperature 
doubled. Give all details, but do not perform any calculations in this 
question.   (4) 
 
   [22] 
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QUESTION 4 
 
4.1 A buffer solution of pH of 9.50 contains P mol of a weak base and  
0.100 mol of a salt of its conjugate acid. When 100 cm3 of a  
0.0600 mol.dm−3 solution of hydrochloric acid was added to this buffer 
solution the pH changes by 0.200 pH units. Use this information to calculate 
the value of Kb for the weak base. (14) 
 
4.2 A mixture is first made of 240 cm3 of a 0.412 mol.dm–3 solution of silver 
nitrate and y cm3 of a 2.00 mol.dm–3 solution of ammonia. Thereafter,  
280 cm3 of a 0.0116 mol.dm─3 solution of sodium chloride is added to this 
mixture and the resulting solution is diluted to 1.00 dm3. Calculate the value 
of y that will just prevent the precipitation of silver chloride. (14) 
 
   [28] 
 
QUESTION 5 
 
5.1 What current is required to plate out 50.0 g of aluminum metal (Al) from a 
solution of aluminium ions in a period of 12.5 hours and 12.5 minutes? (6) 
 
5.2 The minerals of a 1.200 kg ore from a South African mine in Palabora were 
dissolved by acid leaching to make up a solution whose volume was  
11.5 dm3. When this solution was analysed it was found to contain  
0.500 mol.dm−3 of Ni2+(aq) ions and 0.125 mol.dm−3 of Fe2+(aq) ions. The 
solution was then subjected to electrolysis at 25.00oC. Calculate the mass 
percentage impurity of the metal that plated last.   (15) 
 
   [21] 
 
 
DATA     
 
0oC = 273.15 K 
 
Standard pressure = 1 atm = 101.325 kPa = 760 mmHg = 760 torr = 1.01325 bar 
 
R  = 8.31451 L.kPa .K–1.mol–1 
     = 8.31451 J.K–1.mol–1 
     = 8.31451 x10–2 L.bar .K–1.mol–1 
     = 8.20578 x10–2 L.atm .K–1.mol–1 
     = 62.364 L.torr .K–1.mol–1 
 
F   = 9.6485 x 104 C.mol–1 
 
V   = J.C–1 
 
Equilibrium constants (T = 25.0oC) 
 
Ksp (Silver chloride, AgCl) = 1.80 x 10–10 
 
K f (Ag(NH3)2+ ) = 1.70 x 107 
 
Standard reduction potentials (T = 25.0 oC ) 
 
Eo red (Fe2+/ Fe) = –0.440 V 
 
Eo red (Ni2+/ Ni) = –0.280 V 
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